Until recently, vacuoles were among the least well understood organelles of higher plants because they could not be investigated by direct isolation. This situation has changed in recent years as vacuoles have been isolated from a number of plant tissues. Among the tissues used for isolation are leaves (1, 3, 12, 23, 28, 29) petals (1, 28) , beet roots (4, 10) , endosperm (20) , yeast cells (5) , and cell cultures (1, 12, 16, 22) . Various methods have been employed for vacuole release depending on source of the vacuoles and the purpose of their isolation. Methods have included the slicing of tissue (4, 10) , enzymic release of protoplasts followed by osmotic lysis (1, 16, 22, 23, 28) , polybase-induced lysis (3, 5) , or high shear force in an ultracentrifuge (6, 9, 12) .
In stalk parenchyma tissues of sugarcane plants, vacuoles play an essential role in sugar uptake and storage. The mechanism of sucrose accumulation in vacuoles has been investigated in storage tissue of red beet (4) . Also, 3-0 methylglucose transport into mesophyll vacuoles of peas (6) has been reported. In the present report we describe the isolation and partial characterization of vacuoles from sugarcane cells grown in suspension culture. Cell cultures were selected for this work because previous investigations (14, 15) provided considerable background information on sugar uptake by these cells. In addition, these cultures resemble rapidly growing apical tissue of intact sugarcane plants in that they can accumulate up to 25% of their dry weight as sucrose.
'This work was supported in part by a grant from the Deutsche Forschungsgemeinschaft (to E. K.) and by a grant from the Governor's Agriculture Coordinating Committee, State of Hawaii (to A. M. Enzyme Assays. Glucose-6-P dehydrogenase (9), phosphoglucoisomerase (24) , and NADH malate dehydrogenase (21) were assayed spectrophotometrically by monitoring changes in optical density at 340 nm. Cyt c oxidase and NADH Cyt c reductase were assayed by recording the change in optical density due to oxidation and reduction of Cyt c, respectively (7) . Acid phosphatase was assayed with p-nitrophenyl phosphate as substrate at pH 5.0 (1). ATPase activity was determined at pH 6.0 by a modified Hodges and Leonard method (7) . Ammonium molybdate (100 ,UM) was added to the incubation mixture to inhibit acid phosphatase activity (11) . Carboxypeptidase was assayed by measuring hydrolysis of N-carbobenzoxy phenylalanylalanine (20 (26) . The yield of vacuoles was usually 20 to 30% of the number of protoplasts from which they were released, but could be increased to 60% of the initial protoplast number by careful handling during the washing procedures. The results obtained with the isolated vacuoles can be assumed to be representative of properties of vacuoles in the majority of the original cells ( washing (as can be estimated from the release of vacuole-specific enzymes such as acid phosphatase), we had to arrive at a reasonable compromise between vacuole yield and purity. Enzymes in Protoplasts and Vacuoles. The activities of some hydrolytic enzymes were determined in the protoplast and vacuole preparations (Table III) . Nearly all the acid phosphatase of the protoplast was located in the vacuole. The vacuoles also contained high levels of ATPase, carboxypeptidase, protease, peroxidase, and ribonuclease activities. These results confirm that vacuoles of higher plant cells contain enzymes capable of degrading cytoplasmic components. Activities of acid and neutral invertases and NADH malate dehydrogenase found associated with the vacuoles could be accounted for by cytoplasmic contamination. It must be noted that organelles such as mitochondria and ER contaminated the vacuole preparation by 11%. Therefore, values reported in Table III for the vacuole preparation include the contribution made by these contaminants. Only 16.0% of the protein found in protoplasts was located in the vacuoles.
Vacuoles were lysed by resuspension in 10 mm Hepes buffer without mannitol (pH 5.6) in order to determine the localization of the above five vacuole enzymes on and within the vacuoles. The tonoplast membrane was separated from soluble components by centrifugation at 100,000g for 90 min. Acid phosphatase, ribonuclease, and peroxidase were associated mainly with the soluble components of the vacuole, while carboxypeptidase was largely membrane-bound (Table IV) . Ofthe total vacuolar protein, only 33% was soluble.
Solute Concentration Changes in Vacuoles During the Growth Cycle. Sucrose, reducing sugars, and amino acids were examined in vacuoles and protoplasts isolated from 4-to 17-day-old cultures. The concentrations of these solutes during the growth cycle have been measured previously on intact cells (26) . The free amino acid content was 7.8 ttmol/106 protoplasts and 5.4 ,umol/ 106 vacuoles ( Fig. 2 ) in 4-day-old cultures and decreased rapidly in older cultures, suggesting that amino acids were mobilized out of vacuoles during the period of most rapid growth. The rate of amino acid decrease between days 4 and 7 could not be explained by dilution of vacuole content because this decrease was greater than the rate of cell mass increase. The free amino acid content in the vacuoles was never more than 60% of that in the protoplasts and decreased sharply in 7-to 11-day-old cultures ( Fig. 2, inset) . Amino acid concentration in the vacuoles was about 220 mm in 4-day-old cultures; but it must be kept in mind that the protoplast volume in 0.4 M mannitol is less than it is under natural conditions. Sucrose content of sugarcane protoplasts increased from about 0.1 to 2 /mol/106 protoplasts during the growth cycle (Fig. 3) . The percentage of sucrose stored in the vacuoles (Fig. 3, inset ) also increased as the culture aged until 100% of the sucrose was found in the vacuoles in stationary phase cells. Reducing sugars were also accumulated in protoplasts and vacuoles as the culture aged (Fig. 4) 
